











觀測誤差及過程誤差時的參數估計。若在時間 t時族群數量為 )(tN ，當時間夠長
時，根據中央極限定理，Tuljapurkar and Orzack (1980)以及 Heyde and Cohen 
(1985)得到以下結論： )(log)( tNtX = 大致為一常態分布 ),(log 20 ttNN sm+ 。根據
此結果，假設 )(log)( tNtX = 為一Wiener-drift process，且時間序列的前幾項可準
確觀測，本計畫比較 EM algorithm，與馬可夫鏈模擬 (MCMC)，半參數馬可夫








   This project considers parameter estimation for dynamic population growth in the 
presence of both process error and observation error. Based on the results of
Tuljapurkar and Orzack (1980) and Heyde and Cohen (1985), the quantity 
)(log)( tNtX =  will have, as time t becomes large, an approximate normal 
distribution with a mean of tN m+)0(log  and a variance of t2s , where )(tN  is the 
population size at time t. Based on the above assumption, and that for the first few 
observations, both the real population size )(tN  and the estimated population size 
)(tO are available, this project compared the population parameters estimates by the 
EM algorithm, MCMC and semi-parametric MCMC methods, and a proposed Markov 
Chain Maximization (MCM) method. Simulation results showed that, in general, the 
estimates by the MCMC methods were most efficient. And since the monotone 
convergence property does not hold here, its estimates were unstable. The proposed 
MCM estimates could efficiently improve the EM estimates under the setting.
Keywords：process error, observation error, MCMC, semi-parametric MCMC, EM 
algorithm, Markov Chain maximization
二、緣由與目的









在建立既定模式的過程，最常見的方式是利用在時間點 t 的數量 tN 去預測
下一個時間點 1+t 的數量 1+tN ，並與實際觀測所得的數量 1+tO 做比較，兩者之間
的差異稱之過程誤差(process error)。至於過程誤差的原因，則有許多數量生態學
者歸諸於環境變異(environmental variation) (Higgins, et al, 1997)或來自於個體的
存活率與繁衍率的差異 (demographic variation)，或來自於不可抗拒的自然因素
(catastrophic)，甚至因應於自然環境的變遷，物種本身基因 (genetic) 所做的改
變。至於其間的差異，則眾說紛紜 (Dennis, Munholland, and Scott, 1991)，此處
我們統稱之為過程誤差。
由於既定模式中 1+tN 取決於 tN ，但是 tN 在實際觀測時因為取樣誤差，所得
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